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Horvilleur, E., Sbarrato, T., Hill, K., Spriggs, R.V., Screen, M., Goodrem, P.J., Sawicka, K., Chaplin, L.C., Touriol, C., Packham, G., et al. The latest in a series of transformative studies of DNA from prehistoric Europeans focuses on mitochondrial DNA, bringing fresh surprises and filling in important details of the early stages of a European ancestry stretching back more than 40,000 years.
The last decade has seen a step-change in the recovery of DNA sequences from ancient human remains, with the study of the mitochondrial DNA (mtDNA) leading the way. [2] is the latest in a breathtaking series that has brought a new evidence base -ancient DNA -to our understanding of human history.
The new wave of ancient DNA studies focused first on a more recent European revolution, the transition to agriculture around 8 thousand years ago. Haak and colleagues [3] , for example, showed that early Neolithic populations from Central Europe differed significantly in their mtDNA profiles from modern populations in the same region. This was followed by studies that focused on the Mesolithic hunter-gatherer populations that preceded the spread of agriculture in Central and Northern Europe [4] . These pointed to significant differences between the foragers and the earliest farmers, with the former carrying higher frequencies of mitogenomes belonging to haplogroup U, especially U5 -already predicted by age estimates from modern samples to be the most ancient cluster of European mtDNAs [5] . Subsequent work indicated not only a major dispersal into Central Europe with the Neolithic but pointed to a further, Late Neolithic dispersal from southern Russia, possibly associated with the spread of Indo-European languages [4] .
This suggestion was dramatically confirmed as human palaeogenomics took off, with hundreds of complete nuclear genomes or genome-wide profiles now available [6] . Most modern European populations have a composite genome with three apparent ancestral sources. One source traces to the Mesolithic foraging populations of Europe, the second to the earliest farmers from the southeast, while the third shares affinities with early Bronze Age Steppe pastoralists -favoured by many scholars as the source for the Indo-European languages spoken in Europe and Asia today. This scenario is also now receiving support from genomic-level dating analyses of the male-inherited Y chromosome [7] .
At present, however, genome-wide data have some limitations. The volume is overwhelming and, although new statistical methods for handling this goldmine are coming thick and fast, few studies yet make full use of the high information value present in haplotypes. This means that most current approaches, whilst gaining power by using multiple independent recombining loci across the genome, still lack the genealogical detail provided by the non-recombining mtDNA and Y chromosome. Hence, as well as the development of such approaches for whole genomes [8] , we also are likely to see a resurgent interest in mitogenomes. There is another reason for this: published nuclear genomes come along with their (usually high-quality) mitogenomes, but these are often side-lined in the analyses. Moreover, sometimes (because of the higher copy number) only the mtDNA survives in some of the most interesting samples.
All of these points motivate the exciting new study by Posth and colleagues [2] . Their work includes 35 new pre-Neolithic mitogenomes from Europe, almost tripling the existing database of 20, opening up a significant new window onto genetic variation across Europe between 7 and 40 thousand years ago. Their most striking result is the detection of a novel branch of haplogroup M, which we suggest naming M0 (Figure 1 ), in three Early Upper Palaeolithic individuals from Northwestern Europe. Haplogroups M and N are twin non-African mtDNA founders thought to have arisen outside Africa from the African L3 haplogroup after 60 thousand years ago [1] . Most of the Palaeolithic European lineages, like the Mesolithic lineages already discussed, belong to haplogroup U, a derivative of haplogroup R, which is, in turn, the major sub-branch of the above mentioned haplogroup N.
However, there are some long-standing puzzles in the M and N distributions. It seems simplest to assume that M and Dispatches N arose and dispersed together [1] . Yet, most age estimates for N (and R) are a few thousand years earlier than those for M, and while N and R are globally distributed outside sub-Saharan Africa, M is almost absent from West Eurasia [5] . This seems to suggest that M arose a little later than N and R, and was not present among the earliest settlers of West Eurasia, spreading only to the east. By incorporating the ancient DNA sequences into their analysis, Posth and colleagues [2] re-date M and N to similar ages, about 50 thousand years ago. Together with their discovery of M0 in Europe, this leads them to suggest a parallel history of the twin haplogroups, spreading into both West and East Eurasia at a similar time, after about 55 thousand years ago. This chimes with another anomaly in the haplogroup M distribution. Most M branches are found in the Indian Subcontinent and Southeast Asia, with further widespread branches in East Asia, the Pacific and the Americas. However, a single branch, M1, is uniquely distributed in North and Eastern Africa and around the Mediterranean [9] . Haplogroup M1 derives directly (or almost directly) from the root of M; thus, its antiquity in Western Eurasia might match the date of M0 in Europe (27-35 thousand years ago).
Strikingly, M0 also departs directly from the M root and both M1 and M0 are the only representative of M in their geographical context -a marked contrast to India, where dozens of branches radiate from the same root, with a fraction of the diversity moving further east [1] . This suggests an extension of the previously proposed scenario [9] with first a delayed (and discrete) dispersal of the ancestor of M0 from Western Asia, in parallel with that of M1 (Figure 1 ) and, later, a possibly concomitant Upper Palaeolithic spread of M0 (together with haplogroup U5) into Europe and M1 (together with haplogroup U6) into North Africa (Figure 1) .
The aligning of both M and N ages at 50 thousand years seen by Posth and colleagues [2] -earlier estimates suggested closer to 60 thousand years for N -should perhaps be regarded with some caution, however. The estimates were made with fewer, perhaps less representative data than those using only modern samples, and uneven distributions of both ancient and modern samples may skew the estimates in ways that are not well understood [1] . Nevertheless, in broad terms, their results provide strong support for the model of a single rapid expansion out of Africa after about 60 thousand years ago.
The second big discovery results from the charting of changes in the European population over time. There are a number of major mitochondrial lineages seen in the Upper Palaeolithic and Mesolithic of Europeans: haplogroups U5a and U5b, U8 and U2, as well as undifferentiated lineages belonging to U and its ancestor haplogroup R (U* and R*). Whereas the presence of U*, U5 and U8 in the oldest Europeans was expected from the phylogeography of contemporary Europeans [5, [10] [11] [12] , the rarity of U2 in modern Europeans has made inferences more difficult; and the presence of R* in early Italy is especially intriguing, as the ancestry of its descendant haplogroup R0 (including the enigmatic haplogroup H, which comprises almost half of modern Europeans) is as yet undetermined.
But the various branches of haplogroup U are not equally represented over time. Various lineages ancestral to modern U subclusters, including U*, U5* and members of U8 and U2, are seen in the Upper Palaeolithic, and U2 and U8 remain prominent until well after the last glacial maximum, 19-15 thousand years ago. However, after 15 thousand years ago, there is a major expansion of U5b, predicted from both modern data and short ancient mtDNA sequences to have spread from the southwest European glacial refuge at this time [4, [12] [13] [14] . U5a, which more likely spread from the east [4, 12] , appears in Central Europe only after 11 thousand years ago. After 15 thousand years ago, U8 and U2 mitogenomes become much less frequent. Perhaps these lineages are the remnants of smaller and less stable glacial refugia (the so-called 'cryptic refugia') in Central Europe, but they are usually classified as Magdalenian, with a source in southwest Europe. Another possibility, then, is the previously proposed two-wave scenario of Late Glacial re-colonisation of Central Europe: first a small-scale wave of 'pioneers' followed by a much larger-scale ('residential') settlement [15] .
Despite much progress in reconstructing the deep ancestry of European populations, many outstanding issues remain. The new data challenge the view that European foraging populations were genetically uniform before the spread of farming, but they leave intact a prevailing assumption that all pre-Neolithic European populations differed genetically from the farmers who subsequently dispersed from south to north, in turn implying a major impact from early farming Near Eastern populations [16, 17] . But there are some marked differences between Neolithic Anatolians sampled to date and Early Neolithic Central Europeans [18] and there is still an important gap in the Mesolithic ancient DNA record for Mediterranean (as well as Atlantic) Europe. Studies of modern mitogenomes in fact suggest a more complex picture, with Late Glacial/Mesolithic dispersals from the Near East into Europe prior to fresh waves of migration with the onset of farming [19, 20] . Moreover, the first two mtDNA lineages from Mesolithic Greece belong to haplogroup K1, often assumed to have dispersed from Anatolia with the Neolithic [16] .
What is especially exciting, though, is that all such suggestions based on modern distributions can now be tested with ancient DNA, and mitogenomes will surely play their part alongside genome-wide data in resolving these issues.
